The aim of this study was to investigate the T lymphocyte subsets involved in experimental autoimmune uveoretinitis (EAU) by quantifying the numbers of cells expressing mRNA for each of the lymphokines interferon y, interleukin 2, interleukin 4, and lymphotoxin throughout the disease process. Lewis rats were immunised with retinal S-antigen to provide a model of inflammatory eye disease. In situ hybridisation using cDNA probes specific for interferon y, IL2, IL4, and lymphotoxin mRNA were utilised to localise lymphokine mRNA expression by infiltrating cells and the numbers of positive cells counted. Localisation of mRNA for all four probes was found on increasing cell numbers as the disease process progressed. Similar numbers ofcells expressed mRNA for each lymphokine, generally a small percentage of the T lymphocyte total. Activated cells within the eye express mRNA for interferon y, IL2, IL4, and lymphotoxin in EAU suggesting a mixed population of T lymphocyte subsets. (Br_J Ophthalmol 1994; 78: 786-790) We have previously investigated the in vivo production ofthe lymphokines IL2, IFN-y, IL4, and lymphotoxin in the Lewis rat model of EAU" 12 by in situ hybridisation analysis of the expression of lymphokine mRNA in the areas of T cell infiltration and tissue destruction. These studies have shown that all four lymphokines are produced in destructive foci in the retina and uveal tract, and that the cell numbers expressing the lymphokine mRNAs are found in areas of T lymphocyte infiltrate and appear to increase as the disease progresses. The aim of this study is to extend these investigations by quantifying the numbers of cells producing these lymphokines throughout the disease course to identify the potential T cells subsets involved and to provide information on the possible role of the infiltrating CD4+ T lymphocytes.
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Materials and methods
The experimental methods used in these studies have been described in detail elsewhere. " 12 Studies ofthe intraocular immunopathology seen in chronic immune mediated ocular inflammatory disease have shown that the predominant infiltrating cell type is the CD4+ T lymphocyte. ' 5 The destructive cellular infiltrate found in the posterior segment ofhuman eyes is analogous to that found in experimental autoimmune uveoretinitis (EAU), an animal model ofimmune mediated ocular inflammation. 6 In the Lewis rat model of EAU, immunisation is followed 10 to 12 days later by a mixed infiltrate of polymorphonuclear leucocytes and lymphocytes to the anterior and posterior segments, with CD4+ T cells predominating in the destructive retinal lesions.7 A role for CD4+ T cells in the initiation of EAU has been supported by the finding that these cells can adoptively transfer disease. 8 The function of CD4+ T lymphocytes has been correlated with their lymphokine secretion pattern in experimental studies of murine and rat CD4+ T cells.910 Production of interleukin 2 (IL2), interferon y (IFN-y), and lymphotoxin is thought to provide a cytotoxic effector cell role whereas interleukin 4 (IL4) production has been associated with a helper cell function. Levels of background signal (the amount of scattered dark grains in the photographic emulsion) varied on the numerous hybridisation procedures carried out but in all experiments, for all four probes, discrete collections of dark grains were identifiable over the background signal. The collections of autoradiographic signal were seen in section from eyes at day 12 postimmunisation onwards and occurred over mononuclear cells in the areas of the T lymphocyte (OX 19+) infiltrate. These foci were interpreted as positive localisation of expression of lymphokine mRNA by lymphocytes. Figure 1 provides an example of the localisation autoradiographic signal which was obtained.
To provide an estimate of the relative numbers of cells expressing mRNA for an individual lymphokine at a given time point in the disease, the number of positive foci in the retina and choroid were counted on each eye section and the mean value taken at each time point. Standard errors of these counts were calculated. These figures were grouped together as early disease (days 12 and 13 post-immunisation), established disease (days 14 Figure 2 .
The data illustrated by Figure 2 show that increasing numbers ofcells express mRNA for all four lymphokines as the disease progresses. The increase in numbers expressing IL4 mRNA is seen earliest. In general, fewer cells expressed lymphotoxin mRNA at each stage of disease process.
CONTROLS
The eyes from non-immunised animals showed no localisation of lymphokine mRNA. Pretreatment of sections with RNAase abolished all localising hybridisation signals as illustrated in Figure 1B . There was no significant hybridisation signal with the P53 probe.
Discussion
We have previously demonstrated the presence ofmRNA for IFN-y, IL2, lymphotoxin, and IL4 in areas ofT lymphocyte (OX 19+) infiltration in the active stages of EAU in the Lewis rat model." 2 The results presented in this paper provide an analysis of the relative numbers of cells expressing mRNA for each lymphokine throughout the disease. Increasing numbers of cells were found to express mRNA for each lymphokine as the disease progressed. The marked increase in positive cells in the late stages of the disease generally reflects an increase in cell numbers in the uveal tract since the retina is often markedly necrotic in end stage disease in EAU. The numbers ofcells in the retina positive for the IFN-y and IL4 probes declined in late disease. Because the experimental procedure was not rigorously standardised between the probes a statistical comparison of the differences in the results for the four probes would not be valid.
In this study lymphokine mRNA was not localised to individual cells and therefore the exact nature of the cells involved has not been identified. Several lines of evidence would, however, suggest that T lymphocytes are expressing the mRNAs we have investigated. As documented by our previous studies" 12 the expression of lymphokine mRNA was found in areas of T lymphocyte (OX 19+) infiltrate as defined immunohistochemically on adjacent sections. Others have shown that T lymphocytes are the most common cell type in the retinal destructive lesions,7 can adoptively transfer disease,8 and are therefore likely to be producing lymphokines as part of active role in EAU. Moreover, IL2 and IFN-y are almost exclusively T cell cytokines and IL4 and lymphotoxin are common T cell products.9 16 Given the above evidence for lymphokine production by infiltrating T IL2.24 In view of the conflicting results of these studies, experimental work demonstrating lymphokine mRNA must be interpreted with caution with regard to production of bioactive lymphokine. The work described in this paper does, however, illustrate that the T lymphocytes within the eye in EAU are activated to express lymphokine mRNA.
It is at present uncertain whether the lymphokine secretion patterns ofrat T cells parallel those of human T cells although there appear to be basic similarities between the T cell systems.625 26 With regard to EAU the cellular infiltrate at the destructive sites in the experimental model is analogous to that found in human disease and an understanding of the effector cells involved has potential therapeutic applications in human disease. Demonstration of in vivo production of IFN-y, IL2, lymphotoxin, and IL4 implies that these lymphokines are potentially involved in the local pathobiology of EAU. Furthermore, the presence of these four lymphokines would allow CD4+ and CD8+ T lymphocytes and macrophages to act as effector cells in the destructive process in uveitic eyes. Further experimental work is necessary to define the biological roles of locally produced lymphokines in intraocular inflammatory disease.
